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. 1
SOLDERABLE VARISTOR

This is a continuation of application Ser. No. 49,223,
filed June 18, 1979, now abandoned.

This invention relates in general to metal oxide varis-
tors and more particularly to such varistors having a
protective coating thereon which enhances the opera-
tion of the varistors, especially when the assembly
thereof includes a soldering operation.

Although only a relatively brief time has passed since
their invention (see for example U.S. Pat. No. 3,496,512)
metal oxide varistors and especially zinc oxide varistors
have gained wide-spread acceptance as devices for pro-

viding a nonlinear resistance function. The electrical

characteristics of such voltage dependent resistors are
expressed in part by the relation:

I=(V/C)"

Where V is the voltage across the varistor, I is the
current flowing through the varistor, C is a constant
corresponding to the voltage at a given current, and the
exponent a has a numerical value greater than 1. The
value of a is calculated according to the following
relation:

_logio (I2/11)
— logio(V2/V1)

where Vi and V3 are the voltage at currents I1 and I,
respectively. The desired value for C depends upon the
type of application in which the varistor is to be used. It
is ordinarily desirable that the value of a be as large as
possible since this exponent determines the degree to
which the varistors depart from ohmic characteristics.

An additional important characteristic of varistors,
and one to which this invention is particularly ad-
dressed, is the leakage current of the device which is the
current through device at a particular applied voltage
which voltage is below the maximum voltage to which
the varistor will be subjected in operation in the absence
of transients which are desired to be suppressed. The
lower the leakage current of a varistor, the less power
will be dissipated therein in normal operation. Although
substantial effort on the part of many investigators has
led to ever-increasing understanding of the characteris-
tics and methods of operation of metal oxide varistor
and, especially, of zinc oxide varistors, the device is,
nevertheless, not completely understood. For this rea-
son, many significant improvements in varistor opera-
tion are made more or less heuristically, and the reasons
for the improvement or mechanism for the accomplish-
ment thereof are not always known with complete cer-
tainty.

An important method for making electrical contact to
metal oxide varistors is by the application of electrodes
to one or more surfaces thereof, followed by the attach-
ment of electrically conductive leads to the electrodes,
typically by soldering. Silver and aluminum electrodes
are commonly employed. While varistors having silver
or aluminum electrodes are known to provide a satisfac-
tory operation, it will be understood that other elec-
trode materials may also be employed, and that this
invention 1s not limited to any particular electrode ma-
terial. Th soldering of an electrically conductive wire
- lead to a silver electrode is commonly accomplished
through the use of lead-tin eutectic solder which may or
may not contain additional constituents such as silver to
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enhance solderability. The soldering operation is car-
ried out at an elevated temperature and oftentimes 1n
the presence of a cleansing agent or flux which en-

- hances the wettability of the solder-electrode interface.

It has been discovered that the process of soldering
electrically conductive wire leads to the electrodes
frequently has a deleterious effect on the leakage cur-
rent of varistors. This effect has not heretofore appar-
ently been recognized or in any event identified as a
cause of high leakage current in varistors of the type to
which this invention 1s addressed. In view of the rela-
tively low temperature at which soldering is carried
out; i.e.; a few hundred degrees Celsius, compared to
the sintering temperature of varistors; i.e., in excess of
1000° C., it 1s at least somewhat surprising that degrada-
tion of the electrical characteristics of a metal oxide
varistor occurs during soldering. |

It is an object, therefore, of this invention to provide
a metal oxide varistor which maintains a low leakage
current characteristic after the use of solder and flux for
attachmg leads thereto. |

It is another object of this invention to prowde a

solderable varistor which is easy to manufacture and

Inexpensive.

It 1s still another object of this invention to provide a
metal oxide varistor which exhibits high stability during
a long operating life. |

Briefly stated and in accordance with one aspect of
this invention, a metal oxide varistor characterized by
low leakage current which maintains such low leakage
current even after the attachment of wire leads thereto
by soldering, comprises a varistor body having first and
second spaced-apart electrodes applied to the body, and
a layer of silicone polyimide covering the body of said
varistor pellet between said electrodes. Electrical con-
nection 1s made to the electrodes by soldering conduc-
tive electrical leads thereto which soldering may in-
clude, without degradation of the varistor characteris-
tics, the use of flux.

In accordance with a preferred embodiment of this
invention, the protective layer covers essentially the
entire non-electroded surface of the varistor body as
well as a small portion of the edge of the electrodes.

One or more layers of protective material may be
employed and the invention may be used on varistors
having electrodes on opposing major faces of a varistor
body, wherein the protective layer is applied to the
periphery of the body, or to varistors having two or
more, spaced-apart electrodes on a single surface of the

‘varistor body in which case the protective layer 1s ap-

plied to the surface of the body between the electrodes.

The features of the invention which are believed to be
novel are pointed out with particularity in the appended
claims. The invention itself, however, both as to its
organization and method of operation together with
further objects and advantages therecof may best be
understood by reference to the following description
taken in connection with the accompanying drawings in
which:

FIG. 1 is a view .of a metal oxide varistor having a
solderability enhancing coating thereon in accordance
with this invention;

FIG. 2 1s a flow-chart-type illustration of a method
for forming a solderable varistor in accordance with

‘this invention.

FIG. 3 is a view of a varistor in accordance with an
alternative embodiment of this invention;
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FIG. 4 is a view of a varistor in accordance with
another alternative embodiment of this invention;

FIG. 5 is a view of a varistor in accordance with
another alternative embodiment of this invention.

Referring now to FIG. 1, there is shown a metal
oxide varistor 10 which includes a body portion 12
which is preferably a sintered body composed essen-
tially of a metal oxide such as zinc oxide and a plurality
of preselected additives. Methods for manufacturing
body 12 are well known to those skilled in the art and,
therefore, will not be extensively described herein.
Generally, by way of example and not of limitation, the
formation of body 12 includes mixing of the major con-
stituents and additives which are then calcined, ground,
and pressed into a “green” varistor pellet and sintering
the pellet at a high temperature to provide a body hav-
ing the desired varistor characteristics. Varistor 10 fur-
ther includes first and second electrodes 14 and 16
which are applied to opposite major surfaces of body
12. Conveniently, and again by way of example rather
than of limitation, electrodes 14 and 16 may be silver
paint electrodes which are applied to the surfaces of
varistor body 12 by silk screening, or the like, and fired
at a relatively high temperature such as 800" C. to pro-
vide electrical contact to the varistor body. .

The steps for forming a varistor in accordance with
this invention thus far recited do not substantially devi-
ate from those known in the prior art. It is in the steps
which follow that this invention lies. According to the
prior art, the varistor with electrodes attached was
joined with a pair of metal leads by soldering, or the
like. Typically, the soldering process employs a flux to

enhance solderability. Prior to this invention, the use of

flux in the soldering process had not been linked with
any detrimental effect on the varistor characteristics.

Now, it has been discovered that the leakage current of

metal oxide varistors increases during the soldering
operation. This increase appears to be due to the effect
of the soldering process on the surface of the varistor
between the elecirodes. The effect is not eliminated by
the cleaning of the surface which is conventionally
performed after soldering. Not only is the initial leakage
current of the device increased by the soldering pro-
cess, but further, the tendency of the device to degrade
after the prolonged application of working voltage
thereto is increased by the detrimental effects of solder-
ing.

In accordance with this invention, a solder-resistant
protective layer 18 is applied to the periphery of varis-
tor body 12 after the application of electrodes 14 and 16
thereto and prior to the soldering of electrical leads 20
and 22 to the electrodes. No particular method 1s re-
quired for applying protective layer 18, and those
skilled in the art will recognize that many satisfactory
methods may be employed. While other materials may
provide satisfactory results, it is preferred in accordance
with this invention to use silicone polyimide copolymer
for protective layer 18. This material may easily be
applied in an uncured liquid form by mounting the va-
ristor pellet with electrodes affixed thereto to a rotating
fixture and applying the silicone polyimide by means of
a small brush or dropper. The protective layer is then
cured by heating to a temperature of 125° C. or more
but, preferably, to about 150° C. for one hour or more.
Preferably, a second coat of polyimide may be applied
in a similar manner and similarly cured. After the pro-
tective layer has been cured, leads 20 and 22 are at-
tached to electrodes 14 and 16 by solder layers 24 and
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26 which, for example, may comprise a eutectic lead-tin
solder which also may include a small amount of silver.
Such solders may be applied at a temperature of about
225° C. for about 10 minutes. While a number of differ-
ent types of fluxes may be employed, it is preferred, in
accordance with this invention, to employ a slightly
acidic flux, one particular example of which is Alpha
RMA 302, available from Alpha Metals, Jersey City,
N.J. After soldering, the varistor, with leads attached, 1s
cleaned, for example, in chlorothene by rinsing the
soldered device one or more times. It is emphasized that
while a particular soldering process is described which
provides good results, this invention is not limited
thereto and the benefits hereof may be obtained 1n many
different varistors made by varying processes without
the need for modifying existing processes.

The completed device is then packaged, for example,
by providing an epoxy outer coating (not shown) which
covers the entire device including protective layer 18. It
has been found that in addition to preventing the degra-
dation of the leakage characteristic during soldering,
that the polyimide protective layer also increases the
longterm stability of the device as has heretofore been
deleteriously affected by the epoxies commonly utilized
in encapsulating such devices.

Silicone polyimide copolymers are available in varied
compositions. It is preferred in accordance with this
invention to use a 30/70 ratio of polyimide to organic
material having 50 percent solids. Curing of such a
polyimide is accomplished at a temperature between
about 125° and 400° C., preferably, below about 200° C.

FIG. 2 illustrates in block diagram form the steps for
practicing this invention. While the invention may be
benefically practiced on many types of varistors, it 1s
especially useful in conjunction with high voltage, high
current varistors. A varistor body is provided which
has, prior to the steps which form this invention, been
sintered and which may, if desired, have previously
been coated with a passivating coating such as that
described in U.S. Pat. No. 3,857,174. Electrodes are
applied to the body, for example, by silk-screening a
silver paste in the area where electrodes are desired to
be formed and firing the screened varistor body to form
the silver electrodes. Such electroding is conventional
and the particular steps thereof form no part of this
invention. The protective coating of this invention is
applied after the electrodes have been formed and cov-
ers the portion of the varistor body which is not cov-
ered by the electrodes and, preferably, a small portion
of the electrodes themselves. Inasmuch as the degrada-
tion of the leakage characteristic of varistors during the
soldering process appears to be a surface phenomenon
rather than a bulk phenomenon, it is essential only that
a continuous barrier between upper electrode 14 and
lower electrode 16 be formed by protective coating 18.
Protective coating 18 need not completely cover the
periphery of the device including overlapping the upper
and lower electrodes. However, it is preferred that the
protective coating completely cover the periphery of
the varistor body including slightly overlapping the
upper and lower electrode so as to protect the entire
nonelectroded portion of the varistor from the effects of
the soldering operation including the effects of the
fluxes used during soldering. Protective layer 18 may be
applied in one or two or more applications, it being
preferred to cure each layer prior to the application of
a successive layer. After curing of the final layer, the
device is then completed by conventional assembly, and
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leads 20 and 22 may be attached thereto by soldering,

including the use of flux, and cleaning as is well known
to those skilled in the art. Such soldering may include
dipping the entire varistor inclhiding the portion cov-
ered by protective layer 18 into a solder bath, provided 5
the temperature does not exceed about 400° C. After
leads 20 and 22 are attached, the device may be pack-
aged as, for example, by encapsulating in an epOXY, or
the like. |

The following table illustrates the improvement in 10
leakage current measured after soldering for a varistor
with the protective coating of this invention, and one
without the protective coating:

15
Leakage .
PA af - a2 a3 V1
Varistor without |
Protective Coating 200 4 10 40 750
Varistor with _
Protective Coating 3.0 25 54 56 %00 20

The leakage current is measured at V3 volts; ay, a3, and
a3 are measured between 0.1 and 1, 1 and 10, and 10 and
100 ma, respectively; and V| is the voltage across the
varistor at a current of 1 ma. It will be seen that not only
is the leakage current of the varistor much improved by
the addition of a protective coating in accordance with
this invention, but the other characteristics of the de-
vice are likewise improved.

FIG. 3 illustrates a varistor in accordance with an
alternative embodiment of this invention. In this and the
following figures like elements are designated by like
reference numerals. A varistor body 12 has first and
second electrodes 14 and 16 attached to upper and
lower major surfaces thereof. The formation of body 12
as well as the attachment of the electrodes thereto may
be as hereinabove described in conjunction with FIG. 1.
A protective layer 30 surrounds the periphery of body
12 but does not overlap electrodes 14 and 16. Layer 30
provides a barrier against the contamination during the
soldering process of a surface path on body 12 between
electrodes 14 and 16. Electrically conductive leads 20
and 22 are attached to electrodes 14 and 16, respec-
tively, by solder layers 24 and 26 after the application of
protective layer 30. It will be understood that both the
application and curing of protective layer 30 and the
soldering of leads 20 and 22 may be accomplished as
hereinabove described in conjunction with FIG. 1
Conveniently, protective layer 30 may be formed by the
application of a slightly smaller amount of silicone poly-
imide to the periphery of body 12 than is required to
form a layer which covers not only the exposed periph-
ery of body 12 but also a portion of electrodes 14 and
16.

FIG. 4 illustrates an alternative embodiment of this
invention having first and second electrodes apphed to
a single major surface thereof. Varistor 34 includes a
body portion 12 having first and second electrodes 36
and 38 thereto and as hereinabove described in conjunc-
tion with FIGS. 1-3. Electrodes 36 and 38 are spaced
apart and protective layer 42 is formed on surface 40
between the proximate edges of the electrodes. Electri-
cally conducting leads 44 and 46 are soldered to elec-
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trodes 36 and 38, respectively, using the same process as
has been hereinabove described. Similarly, protective
layer 42 may be applied and cured as has been described
except that it is of course not necessary or desirable to
spin body 12 during the application of protective layer
42 which instead is preferably applied using a brush or
other means for forming a stripe of material between the

~ two electrodes. If desired, varistor 34 may also be pro-

vided with a peripheral protective layer 30 as was here-

" inabove described in conjunction with FIG. 3.

FIG. 5 illustrates a varistor of the type shown in FIG.

4 except that a protective coating covers not only the

entire exposed surface of the varistor body, but a small

portion of the electrodes as well. Varistor 50 includesa

body 12 having first and second electrodes 36 and 38

formed on a single major surface thereof and which

includes a layer of protective material 52 comprising an
outer peripheral region 52A and an inner region 52B
which is an extension of peripheral region 52A lying
between electrodes 36 and 38. Electrically conductive

leads 44 and 46 are connected to the electrodes 36 and

38 by solder layers 54 and 56, respectively. |

This invention provides a solderable varistor and 2
method for the fabrication' thereof which exhibits a
greatly improved leakage current as well as other char-
acteristics over devices of the prior art. While the in-.
vention has been described in conjunction with several
presently preferred embodiments thereof, those skilled
in the art will appreciate that various modifications and

changes may be made without departing from the true

spirit and scope of the invention. For example, the sili-
cone polyimide presently employed for forming the
protective coating may be modified by changing the
precise composition thereof as has been described. Fur-
ther, other solder and flux resistant coatings may pro-
vide the same advantages. The particulars of the
method for applying the coating to a varistor may vary
with the type of varistor and the package in which 1t
will ultimately be provided. Accordingly, the scope of
the invention is not intended to be limited by the forego-
ing particular description thereof but only by the ap-
pended claims. |
What is claimed is:
1. A metal oxide varistor having low leakage com-
prising:
a body consisting essentially of metal oxide and at
least one additive;
first and second spaced apart electrodes applied di-
rectly to said body;
a protective layer of polyimide silicone on the surface
of said body between said electrodes and covering
- the edges of said electrodes, said layer being resis-
tant to solder and solder-borne contaminants and
having respective openings therein exposing and
defining a solder attachment region on the surface
of each of said electrodes; |
each of said electrodes having on its exposed surface
a respective layer of solder;
and first and second electrically conductive leads
connected respectively to said first and second

electrodes by said respective layers of solder.
% * % x % |
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